Abstract. The approaches for the implementation of an additive technology for obtaining heat accumulators are considered. The implementation of the provided technology can be realized on the standard 3D printers, which are aimed to obtain plastic materials. However, the software of the printers has to include adjusting analytical expressions, which take into account thermophysical properties of the heat-retaining materials. The analytical expressions have been derived by solving a mathematical model. The mathematical model contains the main data on thermophysical and mechanical and physical properties of the nanomodified material. These properties of the nanomodified material are defined during the experimental studies.
Introduction
An increase in efficiency of renewable energies is linked to the application of new innovative technologies and materials. Heat-retaining materials can be also used for an improvement of the element base of photovoltaics. It corresponds to the heat-retaining materials, which are capable for storing thermal energy of a phase transition [1] [2] [3] . In this case -for photovoltaics devices -the method of application is associated with an introduction of new functional capabilities (accumulation of thermal energy) and the stabilization of temperature condition. This type of the application allows obtaining both electric and thermal energy by use of the same device. In this case both economic and energy efficiencies increase. However, materials -capable to accumulate heat of a phase transition -lose their shape that is they melt and transit from a solid state into a liquid one. Thus, it hinders their application and leads to a need to use the auxiliary bodies and heat-exchanging elements. There is number of studies, in which potential improvements of such materials with a phase transition are researched, as for example an improvement of paraffin by introducing carbon nanotubes and grapheme into it [4] [5] [6] [7] [8] [9] [10] [11] . The primary objective, which is set by authors of this paper, is related to the improvement of thermophysical properties, especially heat conduction. Other properties, which help to stabilize the shape, are not studied. Therein the relevant research goal is to study the issues of the nanomodification of paraffin and composite materials based on it in order to be able to apply them into solar power systems. Moreover, the aim is to obtain finished products, which have stable mechanical and physical properties in a wide temperature range and are suitable for using them in the additive (3D) technologies [2, 3] . It is necessary to obtain a material with stable properties and to develop a technique for mathematical modeling in order to implement the additive technologies with a use of the nanomodified materials. The analytical functions will be derived from the mathematical model in order to use them in software for 3D printers.
Additive technology
Standard 3D printers, which are used for producing plastic products, can be utilized to implement the additive technology for obtaining heat storages based on nanomodified materials. There are number of techniques of the application of 3D technology for a creation of sophisticated products, which have channels for liquid [4, 5] . The Fused Deposition Modeling (FDM) is employed to produce the thermal storage. A printing file of the STL format is created after the calculations -related to the modes of the thermal storage -have been performed. This allows segmenting the virtual model into layers. An expendable material in this printing technology is a composite polymer thread, which heats up to a melting temperature when it enters the extruder and is laid in doses through a nozzle on the working surface of 3D printer. Thus, a thermal storage -the form-lines and geometry of which precisely correspond to the virtual prototype -is being created layer by layer.
However, it is necessary to consider higher thermal capacity of heat-retaining materials and their mechanical and physical properties while creating heat-retaining modules. These properties are considered in specialized software. Analytical expressions -which take into account properties of heat-retaining material -are required for this purpose. These analytical expressions can be derived using approaches related to a solution of partial differential equations [14] . In the framework of the mathematical modeling it is necessary to know mechanical and physical properties of the nanomodified materials -planned to be applied -as well as distinctive features of these materials under conditions of various temperature regimes.
Synthesis of samples of the nanomodified polymeric composites
The samples -containing P-2 paraffin (Russia) and polyethylene (low pressure (PND) PE80B-275) (Russia) -were prepared for the research. The multi-layered cylindrical carbon nanotubes of the" Taunit M" typeproduced by JSC Nanotechcentre, Tambov, Russia -were employed as a modifying additive agent ( Fig. 1) [12, 13] . 
The technique of a modification of a composite based on paraffin and polyethylene by carbon nanotubes
The modification was carried out in 2 stages: 1) introducing carbon nanotubes -"M" into paraffin; 2) introducing a mixture of paraffin and carbon nanotubes into polyethylene by means of extrusion.
At the first stage the carbon nanotubes were placed into the silicone tank of the volume of 0,002 m3 and afterwards paraffin "P2" heated to 80°C was added. This mixture was processed by ultrasound with a frequency of 22,5 kHz within 1 hour while stirring it by means of a mechanical stirrer (200 rpm) and keeping temperature of 70°C. As a result, black nontransparent material has been produced. Afterwards, the material was granulated by the press-granulator. The size of granules was in the range of 1 to 8 mm.
The obtained granules were mixed (with mass ratio of 1:1) with polyethylene granules. Furthermore, these granules were placed into the hopper of the extruder. The extruder operates with a driving motor of 1,5 kW and a heater of 2 kW. The produced material has been granulated after the extrusion.
Methods for studying samples of the nanomodified polymeric composites
The studies of thermophysical properties were conducted by means of "IT -λ -400" device (measurement of heat conductivity, fig. 2 and 3 ) and "IT -S-400" device (measurement of thermal capacity) within a monotonous warming mode with an average speed of 0,2°C/s under adiabatic conditions.
The study of the density of granules was conducted by immersing them in distilled water and afterwards calculating the density with a consideration of displacement volume. The determination of bulk density was conducted by placing granules into the transparent vessel, shaking it within 2-3 minutes and then measuring the occupied volume.
The study of a temperature dependence of the volume was conducted in a measuring cylinder with volume of 0,001 m3. This measuring cylinder was put into a transparent cylinder of bigger volume (0,01 m3).
The free space between them was filled with the distilled water. The temperature of water was varied in increments of 2 °C.
The study of durability was conducted by using a hydraulic press. The study of durability was conducted by using a hydraulic press. The granules were placed in a space between metal sheets. Figure 2 shows the results of a study on temperature dependence of thermal capacity of three materials: a composite (the nanomodified paraffin and polyethylene); paraffin modified by carbon nanotubes-"M"; and pure paraffin. Mechanical and physical properties of the composite paraffin + polyethylene (carbon nanotubes-"M") for 3D technology are presented in the table 1. Within a framework of the additive technology it is necessary to consider the following situation: there is an overlaying of the material on a photo cell. From the perspective of physical model adaptation the photo cell is considered as an unbounded two-layer sheet with a functional source.
Results of the analysis of the nanomodified composite
Problem of heat conductivity for an unbounded twolayer sheet with a functional source:
Here, x -coordinate of thickness of a sheet, m; τ -time, s; The solution of the equations (1) - (6) is derived by the method of final integral transformations of the "x" coordinate [14] .
The solution is the following: Thus, the temperature dependence of heat capacity of the obtained material is studied (the maximum value is 5 kJ/kg°С) as well as a comparison of it with heat capacity of pure paraffin (8,2 kJ / kg°С) is carried out. The phase transition is followed by temperature changes of the volume. It is found out that synthesized composite has a smaller tendency of changing volume with an increase in temperature (2%), than pure (12%) and nanomodified paraffin (5%).
The study shows that it is possible to create materials -which are able to accumulate thermal energy -through the introduction of a component, which has high heat capacity, as for example nanomodified paraffin. Along with that, a use of nanomodified paraffin promotes a distribution of carbon nanotubes -"M" in a composite material such as polyethylene.
The mathematical modeling technique allows receiving analytical expressions which then can be applied in software of 3D printers.
Conclusions
1. The thermophysical and mechanical and physical properties of the obtained material are studied. It is found out that an extreme value of the temperature dependence of heat capacity changes its position on a graph. 2. The produced composite material can be employed for creating thermal storages due to its ability for phase transitioning with warmth of 5 kJ / kg°С and strength properties of 0,15 MPa. 3. The mathematical modeling technique is designed. This technique allows using analytical dependences for software of equipment, which realizes the additive principle of the creation of 3-dimensional models.
